Recombinant DNA probes, produced by the molecular cloning of immunoglobulin K light chain mRNA, have been used to analyze heterogeneous nuclear RNA for presumptive precursors to cytoplasmic K light chain mRNA. Three discrete classes of nuclear RNA containing K mRNA sequences were detected after pulse-labeling of immunoglobulin-producing P3 myeloma cells. Two of these were substantially larger than K mRNA (approximately 10 and 4 times larger); the third was similar in size to K mRNA. Beginning with the largest, the sequential appearance of these three classes of nuclear RNA preceded the first a pearance of newly synthesized K light chain mRNA in the cytoplasm. The results presented here suggest that immunoglobulin K light chain mRNA is generated by the stepwise cleavage and processing of a large nuclear RNA transcript. Resolution of the events in the biogenesis of mRNA is essential to an understanding of the regulation of gene expression in eukaryotic cells. It is now well established that most mRNAs in eukaryotic cells are derived from nuclear RNA through post-transcriptional modifications including poly(A) addition (1-3), methylation, and the addition of 5'-terminal "caps" of the general structure m7G(5')pppN'-m-N"(m)p (4-6). Considerable evidence also suggests that the mRNA in eukaryotic cells is generated by the post-transcriptional cleavage of larger nuclear RNA (2, 3, 6) . Compelling results now indicate that viral mRNA from the DNA tumor viruses simian virus 40 (7) and adenovirus (8-11) and -the cellular mRNA for globin (12) (13) (14) (15) are processed from substantially larger nuclear RNA. However, all mRNA in eukaryotic cells may not be processed from large nuclear RNA. RNA molecules larger than the respective cytoplasmic mRNA were not detected for ovalbumin mRNA (16) and murine RNA tumor virus RNA (17). However, short-lived nuclear RNAs, particularly those only marginally larger than their respective cytoplasmic mRNAs, may not be detected under the labeling and hybridization conditions generally used. In the case of silk fibroin mRNA, pulse-labeling at reduced temperature (presumably lowering the rate of RNA cleavage) was necessary to reveal a short-lived presumptive precursor only slightly larger than the silk fibroin mRNA (18) (19) (20) The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. K light chain mRNA* by procedures previously established for the preparation of recombinant DNA clones from rabbit globin mRNA (22). Using cloned immunoglobulin light chain recombinant plasmid DNA, we have detected discrete classes of rapidly labeled nuclear RNA containing K mRNA sequences which, after stringent denaturation (25, 26), remain substantially larger than the K light chain mRNA in immunoglobulin-producing mouse myeloma cells. Kinetic labeling studies indicate that immunoglobulin K light chain mRNA appears to be processed from a large nuclear RNA species, approximately 10 times the size of K mRNA, through a nuclear RNA intermediate 3-4 times larger than K light chain mRNA and a nuclear RNA species similar in size to K mRNA. The ordered, sequential appearance of these three nuclear RNA species containing K mRNA sequences precedes the first appearance of K mRNA in the cytoplasm. 
immunoglobulin K light chain mRNA is generated by the stepwise cleavage and processing of a large nuclear RNA transcript. Resolution of the events in the biogenesis of mRNA is essential to an understanding of the regulation of gene expression in eukaryotic cells. It is now well established that most mRNAs in eukaryotic cells are derived from nuclear RNA through post-transcriptional modifications including poly(A) addition (1) (2) (3) , methylation, and the addition of 5'-terminal "caps" of the general structure m7G(5')pppN'-m-N"(m)p (4-6). Considerable evidence also suggests that the mRNA in eukaryotic cells is generated by the post-transcriptional cleavage of larger nuclear RNA (2, 3, 6) . Compelling results now indicate that viral mRNA from the DNA tumor viruses simian virus 40 (7) and adenovirus (8) (9) (10) (11) and -the cellular mRNA for globin (12) (13) (14) (15) are processed from substantially larger nuclear RNA. However, all mRNA in eukaryotic cells may not be processed from large nuclear RNA. RNA molecules larger than the respective cytoplasmic mRNA were not detected for ovalbumin mRNA (16) and murine RNA tumor virus RNA (17) . However, short-lived nuclear RNAs, particularly those only marginally larger than their respective cytoplasmic mRNAs, may not be detected under the labeling and hybridization conditions generally used. In the case of silk fibroin mRNA, pulse-labeling at reduced temperature (presumably lowering the rate of RNA cleavage) was necessary to reveal a short-lived presumptive precursor only slightly larger than the silk fibroin mRNA (18) (19) (20) (21) (22) (23) (24) . Such recombinant DNA clones containing specific eukaryotic mRNA sequences represent absolutely pure hybridization probes for the detection of newly synthesized nuclear RNA species and for the resolution of the post-transcriptional modification and processing events in the biogenesis of specific cytoplasmic mRNA. We have constructed recombinant DNA clones from purified MOPC 21 immunoglobulin
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K light chain mRNA* by procedures previously established for the preparation of recombinant DNA clones from rabbit globin mRNA (22) . Using cloned immunoglobulin light chain recombinant plasmid DNA, we have detected discrete classes of rapidly labeled nuclear RNA containing K mRNA sequences which, after stringent denaturation (25, 26) , remain substantially larger than the K light chain mRNA in immunoglobulin-producing mouse myeloma cells. Kinetic labeling studies indicate that immunoglobulin K light chain mRNA appears to be processed from a large nuclear RNA species, approximately 10 times the size of K mRNA, through a nuclear RNA intermediate 3-4 times larger than K light chain mRNA and a nuclear RNA species similar in size to K mRNA. The ordered, sequential appearance of these three nuclear RNA species containing K mRNA sequences precedes the first appearance of K mRNA in the cytoplasm. (27) . Five clones were selected and have now been characterized by restriction enzyme mapping, hybridization, and their ability-to select translatable immunoglobulin K light chain mRNA* (28) . On the basis of our characterization of these five selected immunoglobulin K light chain mRNA clones (designated pL21-1-pL21-5), the (28) . RESULTS Appearance of Immunoglobulin Light Chain mRNA in the Cytoplasm. We have previously reported (28) that immunoglobulin K light chain recombinant plasmid DNA hybridizes exclusively with a 13-14S RNA species in cytoplasmic RNA from immunoglobulin-producing P3 cells. This 13S RNA species, amounting to approximately 10% of the poly(A)-containing mRNA in immunoglobulin-producing P3 cells, is actively translated in the wheat germ protein-synthesizing system into immunoglobulin K light chain precursor (32, 33) . Recomibinant K light chain plasmid DNA, immobilized on filters, was used to determine the kinetics of 13S K light chain mRNA appearance in the cytoplasm. The data in Fig. 1 show hybrid- Nuclear RNA Containing Immunoglobulin Light Chain mRNA Sequences. Two peaks of hybridized RNA were seen when sucrose gradient-fractionated nuclear RNA from P3 cells labeled for 3 hr was exhaustively hybridized with K light chain recombinant plasmid DNA immobilized on filters (Fig. 2) . The predominant peak of hybridized nuclear RNA sedimented at approximately 13-14 S; the minor peak sedimented at 24-25 S. The nuclear RNA in Fig. 2 was fractionated on sucrose gradients after denaturation in 75% Me2SO at 65 0. [This treatment has been shown to effectively disrupt aggregated heterogeneous nuclear RNA complexes (25) .] The profile obtained when Me2SO-and heat-treated nuclear RNA was sedimented on 80% formamide gradients (12) was indistinguishable from the results shown in Fig. 2 . These data reveal nuclear RNA molecules containing K mRNA sequences that are demonstrably larger than the cytoplasmic K light chain mRNA. However, in this long labeling period, approaching steady-state nuclear conditions, Cell Biology: Gilmore-Hebert and Wall the predominant species was indistinguishable in size from cytoplasmic K light chain mRNA.
MATERIALS AND METHODS

Preparation
To detect rapidly labeled nuclear RNA containing K light chain mRNA sequences and to examine their kinetic relationship to cytoplasmic mRNA, immunoglobulin-producing P3 cells were pulse-labeled with [3H]uridine for 5, 15, 30, and 60 min.
The nuclear RNA was extracted and fractionated by density gradient sedimentation after denaturation with 75% Me2SO at 650. Individual gradient fractions were then hybridized with K light chain recombinant plasmid DNA. After a 5-min labeling, a well-defined peak of nuclear RNA containing K light chain mRNA sequences was seen at 40 S (Fig. 3A) . The relevance of the minor peak of hybridization near the top of the gradient is unclear because it was not seen in subsequent nuclear RNA profiles from 5-min incorporation. All the S values assigned here are estimated from the positions of 45S and 32S pre-rRNA and of 32P-labeled 28S and 18S rRNA added to gradients as internal sedimentation markers. All hybridized counts and total incorporation shown in Fig. 3 are normalized to equivalent recoveries of nuclear RNA by the absorbance of 32S pre-rRNA.
As the length of the uridine pulse was increased to 15 min (Fig. 3B) , the amount of the 40S species increased, and a new species appeared at 24 S, along with a shoulder near the top of the gradient at approximately 13 S. The result § in Fig. 3B , with 15-min labeling, do not clearly resolve the 24S species and the evident shoulder at 13 S. Other experiments with pulse-labeled nuclear RNA centrifuged to resolve the 13S region showed that the 24S species was present after 10 min of labeling whereas the 13S nuclear RNA species was first seen after 15 min. Because a detectable peak of cytoplasmic 13S K light chain mRNA was not seen in labeling periods less than 20-30 min (Fig. 1 inset) , the 13S nuclear RNA species seen after 15 min of labeling presumably represents a distinct processing intermediate leading to cytoplasmic K light chain mRNA. By 30 min of labeling, the 24S nuclear RNA species had become the major class of hybridized nuclear RNA with only a shoulder remaining in the 40S region (Fig. 3C ). In addition, hybridized RNA continued to increase in the 13-14S shoulder. After 60 min of labeling, only two distinct species of hybridized nuclear RNA, sedimenting at 24 and 13 S, were seen (Fig. 3D) . No evidence of the initial 40S nuclear RNA species remained after 60 min of incorporation.
DISCUSSION
Two lines of experimental evidence are needed to establish the precursor-product relationship between a given mRNA and a nuclear RNA: the demonstration of the mRNA sequences in the nuclear RNA (i.e., sequence relatedness), and the demonstration that the mRNA is obligatorily derived from that nuclear RNA (i.e., kinetic relatedness). Because the 40S species is the only reproducible class of K specific nuclear RNA seen in the shortest pulse label (Fig. 3A) , this species could represent the primary transcript (i.e., the direct unprocessed transcription product) of the immunoglobulin K light chain gene. In this case, isolation and structural analysis of this 40S species represents a direct approach to dissecting the features of the unit of transcription of the immunoglobulin K light chain gene (including the arrangement of variable and constant region sequences). Analysis of isolated 40S, 24S, and 13S K light chain specific nuclear RNA species for the location of immunoglobulin variable and constant region coding sequences and for the presence of poly(A) and "caps" should define the post-transcriptional processing stepsIn the biogenesis of K light chain mRNA.
One point needs additional comment. With longer labeling periods approaching steady-state nuclear conditions (3 hr), the predominant class of nuclear RNA containing K mRNA sequences sedimented at 13-14 S and was indistinguishable in size from cytoplasmic K mRNA (Fig. 2) . At this time, the 24S K specific nuclear RNA was present as the minor labeled species and the rapidly labeled 40S species was no longer evident. Analysis of nuclear RNA under steady-state conditions obviously reveals little evidence of short-lived nuclear RNA precursors larger than the cytoplasmic K light chain mRNA.
